Hydrothermal synthesis of potassium titanate powders was carried out under various subcritical and supercritical water conditions (473-723 K) using titanium tetraisopropoxide and aqueous KOH solutions as starting materials. A single phase of K2Ti6O13 was formed at 573 K or higher, whereas unidentified phase was obtained at 473K. In this paper, the hydrothermally synthesized potassium titanates powders were used for cobalt ion adsorbent under hydrothermal conditions. Co uptake on the hydrothermally synthesized K2Ti6O13 was over 2x10-3 molg-1 at 473 K, whereas those at 373 K were lower in comparison with the solid state synthesized K2Ti6O13.
Introduction
In light water nuclear reactors, small amounts of corrosion-product are released into the coolant and activated such as 54Mn, 59Fe, 58Co, and 60Co. Among the radioactive corrosion products, 60Co is the primary contributor to the radiation level because of its long half-life and high y-ray energies. To remove the corrosion products, ion exchange resins are currently used in most reactor water purification system. The water must be cooled below 323 K before passing through the clean-up system due to avoid resin degradation. Therefore, thermal losses become serious as the flow rate of the clean-up system increases. To reduce the thermal losses, clean-up system at a higher temperature by using heat-resistant ion-exchanger was proposed. However, few studies have been reported under hydrothermal conditions. [1] [2] [3] [4] [5] Potassium hexatitanate, K2Ti6O13 , possesses a fibrous structure in which the octahedral TiO6 share an edge at one level in a linear groups of three, giving rise to a rectangular tunnel structure incorporated with exchangeable K+ ions. We have demonstrated hydrothermal synthesis of potassium titanates powders and fibrous potassium hexatitanate with relatively large surface area were achieved under subcritical and supercritical conditions. [6, 7] It is expected that hydrothermally synthesized K2Ti6O13 could be used as heat-resistant ion-exchanger. In this paper, cobalt ion sorption properties of hydrothermally synthesized K2Ti6O13 under hydrothermal conditions (373-473 K) were compared with the conventional solid-state synthesized K2Ti6013. Co uptake mechanism over the K2Ti6O13 under hydrothermal conditions was discussed. heating time of 5-48 h were employed. After cooling to the room temperature , the products were recovered by filtration, washed with distilled water and finally dried at 323 K overnight . Synthesis by solid-state reaction was also carried out for comparison using K2CO3 and Ti02 in a K:Ti molar ratio of 2 .2:6 and heating at 1403 K for 5 h. Potassium titanates synthesized by the hydrothermal and solid-state method were described as HT -A-B, and SS-A-B, respectively. Here, A and B represent the heating temperature and time . Powder X-ray diffraction(XRD) patterns of the powder samples were recorded on a Rigaku RINT 2200 diffractometer using CuKa radiation (30 kV and 20 mA) and 2 min-1 in 20. N2 adsorption measurements were carried out at 77 K with an automated sorption apparatus (Micrometrics ASAP 2000) . The surface areas of the samples were calculated using the BET (Brunauer-Emmett-Teller) equation. Scanning electron microscopy observation and compositional analysis (K/Ti atomic ratio) was performed using a JEOL JSM-5600 equipped with an energy dispersive spectroscopy (JEOL JED-2200). Thermal analysis was performed using a Bruker AXS 201 OSA thermogravimetry-differential thermal analyzer (TG-DTA) referenced with recalcined alumina at a heating rate of 10 K min-1 under N2 flow . Raman spectra of the powder samples were recorded on a JASCO NRS3 100 laser Raman spectrometer .
Ion Exchange Reaction
The adsorption of Co2+ ions was carried out by batchwise operation; A 0 .02 g of potassium titanate
powder was immersed in a sealable Teflon lined reactor with 10 cm3 of 0.01 M Co(N03)2 aqueous solution at constant temperature ranging from 373-473 K for 24 h. After cooling to room temperature , the solid was filtered off, the filtrate was analyzed the concentration of Co2+ ion and pH . The concentration of cobalt ions in filtrate solutions were determined using a Seiko Instrument Inc . ICP emission spectrometer (model SPS 7800). The Co uptake was calculated using the following equation.
Co uptake (mmol/g)=(Co-C) V/W (1) Where Co and C represent initial and filtrate concentration of Co2+ ion and V and W are volume of the solution and weight of the solid. 3 Results and Discussion
Hydrothermal synthesis of potassium titanates
We have demonstrated hydrothermal synthesis of potassium titanates with various subcritical and supercritical conditions (473-723 K) using an autoclave. The profiles for the products hydrothermally synthesized under subcritical conditions can be assigned to K2Ti6O13
(JCPDS40-0403) except HT-473-48 which is an unidentified phase.
The peak at d (020) is more intence for the hydrothermally synthesized samples compared with that for the solid-state synthesized sample, indicating that fibrous structure extends to the Calculated from N2 adsorption isotherm using the BET equation. dDetermined by thermogravimetric analyses.
Cobalt ion uptake under hydrothermal conditions
To determine the Co2+ adsorption capacity over potassium titanates powders under hydrothermal conditions, sorption experiments were carried out using 0.01 M Co2+ solutions at 373, 423 and 473 K. The temperature dependence of the Co2+ uptake by potassium titanates powders is summarized in Table 2 . or lower was estimated to be 0.3mmol g-1, the remaining K+ ions could not readily exchanged [7] . This suggested that the Co2+ uptake mechanism might be not only the simple ion exchange reaction. cm-1. These new peaks were matched with those of the anatase (640 , 516, and 397 cm-1) and Co304 (468, 513, and 671 cm-1), which revealed that K2Ti6O13 was transformed to TiO2 via cobalt ion exchange reaction and formation of Co3O4. In conclusion, the cobalt ion uptake was achieved by the potassium hexatitanate powders even under hydrothermal conditions. X-ray diffractometry and Raman spectroscopy revealed that Co3O4 phase was formed accompanied by the structure transformation from K2Ti6O13 to anatase under hydrothermal conditions . Accordingly, potassium hexatitanate powder can be used as cobalt adsorbent for hot cooling light water .
